1 CW (Canadian Western Standard No.1) is a hard-type wheat grain, and is believed to be one of the highest quality flours. Therefore, the graded flour from 1 CW grain is expected to have good dough and baking properties. However, when the commonly milled 1 CW (CW) was partly replaced with the hard-type graded flour, the specific volume slightly decreased.2) But, the dough and baking properties of the substituted flours were improved by the addition of an enzyme or surfaceactive agent. Furthermore, the substitution of the graded flour for CW increased the rate of gas generation and extensibility of the dough during fermentation.2) Flour and chemicals. The wheat grain used for the polished-grading method was a hard-type wheat cultivar "1 CW". 1 CW was provided by Okumoto Flour Milling Co., Ltd. (Osaka). The conventionally milled hard-type flour of wheat cultivar 1 CW was also prepared and designated as CW. The whole wheat grains were gradually polished from the outer layer in increments of 10% of the total weight using a modified rice-polisher (Itomen Co., Ltd., Hyogo), as described previously.3' Namely, fraction C-1 corresponds to 100-90% of the whole grain; C-2, 90-80%; C-3, 80-70%; C-4, 70-60%; C-5, 60-50%; C-6, 50-40%; C-7, 40-30%; and C-8, 30% to the core. For the control sample, a conventionally milled hard-type flour, "Hermes" was donated by Okumoto Flour Milling Co., Ltd. (Osaka). It contained 11.8% protein, 0.38% ash and 11.8% moisture. /3-Amylase of barley extract was obtained from Amano Pharmaceutical Co., Ltd. (Nagoya). The activity of the crude enzyme was 6,500 U/mL or more. All other chemicals used were purchased from Wako Pure Chemical Industries, Ltd. (Osaka) and they were of reagent grade.
Bread baking. The breadmaking formula and procedures were carried out as described previously.
3) The loaf volume was measured by the rapeseed displacement method.1) Analytical methods for wheat flour. General analysis. Characteristics of flour, such as moisture,4a) ash,4b) protein4c) and dietary fiber5) were determined.
Mineral content of flour. Mineral content of the flour sample was measured using a fluorescent X-ray elemental analyzer MESA-500 (Horiba Instrument Co., Ltd., Osaka). To determine the content, about 300 mg of the flour sample was formed into a tablet (10 mm in diameter). The tablet was placed on the center of the sample stage in the apparatus. The internal stage was evacuated under reduced pressure for a minute. Electric current and voltage were adjusted to 50 or 200 1CA and 50 or 15 kV, respectively. The analysis time was 2000 s. Samples exposed to the X-rays developed fluorescent X-rays corresponding to various elements. The intrinsic X-ray for each element was determined by Si-semiconductor. Orchard leaf was used for a standard material.
Damaged starch of flour. Damaged starch content of the flour sample was determined by the AACC method.4d) Measurement of enzyme activities. Water-soluble pentosan of wheat flour. Watersoluble pentosan of wheat flour was determined by the procedure of Dische and Borenfreund.9) Results were expressed as an equivalent per gram of flour.
Analytical method for dough and bread. Rheological test. Viscoelastic properties of the dough after mixing for 20 min in a home baker were measured with a Fudoh Rheometer (Rheotec Co., Ltd., Tokyo) as reported.1) In the case of staleness of bread crumbs, compression stress, failure strength and Young's modulus were determined by the same rheometer, as reported previously.1)
Scanning Electron Microscopy (SENT). SEM in a Hitachi apparatus (Model S-800) was done as described previously.1)
Measurement of SH and SS contents. SH and S S contents of the dough and flour were measured by the 2,2'-dithiobis-(5-nitropyridine)(DTNP)10) and 5,5 '-dithiobis-(2-nitrobenzonic acid) (DTNB )") methods, respectively. For the measurement, dough was freeze-dried after mixing for 20 min in a home baker. The results were expressed as equivalent per gram of dry substance. RESULTS 
AND DISCUSSION
General analysis and mineral content of flour. Water-soluble pentosan and damaged starch of flour.
The amounts of water-soluble pentosan and damaged starch in the graded flours are shown in Table 2 . The amount of water-soluble pentosan in the outermost graded layer (C-1) was the lowest in the graded flour, and that of the central layer (C-5) was the highest. The amount of pentosan in CW quite resembled that of Hermes, because both CW and Hermes were hard-type flours. Moreover, the amounts in all hard-type graded flours were 1.1-2.5 times that of CW. All kinds of the graded flour contained larger amounts of damaged starch, as compared with CW. From these results, the values of water-soluble pentosan in the graded flours roughly corresponded to the amount of damaged starch. Hermes, conventionally milled hard-type wheat flour; CW, conventionally milled 1 CW flour. C-1, C-5 and C-8 were 100-90%, 60-50% and 30-0% layers of the 1 CW whole grains, respectively. ss Table 2 . Amount of water-soluble pentosan (WSP) and damaged starch (DS) in graded flours.
Abbreviations are the same as in Table 1 .
Enzyme activity of flour. Amounts of various enzyme activities in the graded flours are shown in Table 3 . The flours tended to increase the diastatic activity, as compared with Hermes or CW. C-1 had the lowest value of all flour samples tested, while C-5 or C-8 was too high to determine the amount of maltose, and the values were more than the detection limit of 618 mg/1 g flour. In general, the amount of reducing sugars originally present in the conventionally milled flour is very small and constant. During the process of fermentation, the damaged starch granules are hydrolyzed by amylases. Therefore, the amount of diastatic activity might be closely related to the amount of damaged starch, as shown in Table 2 . The a-amylase activity of Hermes was much higher than that of the graded flours. The activity of the graded flours was around 11.0-11.2 U/g flour, and this value was lower than that of Hermes or CW. This result suggests that a-amylase activity does not localize in each layer of graded flours. Baking results. Table 4 shows the specific volume of the bread The SH and SS contents in the original flour and dough after mixing for 20 min are shown in Table 4 . Quality of bread baked with graded flours.
C-l (100-90%), 10% layer graded from outer part of whole grains; C-2, (90-80%); C-3, (80-70%); C-4, (70-60%); C-5, (60-50%); C-6, (50-40%); C-7, (40-30%); C-8, 30%-core of the whole grains. Table 5 .
Viscoelastic properties of the graded flour Boughs.
g, stress (102 Nm 2); y, modulus of elasticity (104 Nm 2); T, relaxation time (s); i, viscosity coefficient (104 Nsm2). Abbreviations are the same as in Table 4 . SEM results. Figure 1 shows SEM images of the dough mixed with a home baker for 20 min. In the case of Hermes, the gluten matrix was very thick and most parts of the starch granules were uniformly surrounded by the gluten matrix (A). Also, CW appeared to have a structure similar to that of Her- Table 6 .
SH and SS contents in the graded flours and doughs mixed for 20 min in a home baker.
Abbreviations are the same as in Table 4 . Data are average of 2 trials. Table 1 .
mes (B). However, in the C-1 dough, most portions of the gluten structure could not be observed, and many kinds of fibrous structures derived from bran were distinctly dispersed (C). In the case of C-5, the gluten network was partly observed, but the amount of gluten was still not enough, as compared with that of Hermes or CW (D). On the other hand, the dough prepared from C-8 showed some portions of the starch granules slightly covered with the gluten matrix, but the dough seemed to be quite dry without a smooth structure (E). Furthermore, a large amount of wheat bran was still dispersed in the dough as observed in C and D. The presence of bran in the dough may interfere with the formation of a continuous gluten matrix. The gluten did not seem to adhere to the surface of the starch granules, differing from the dough as it did in dough made with A or B. Therefore, the graded flour alone could not make structures that were favorable for producing bread of a good quality. Tables 2 and 3 .
Water-soluble and -insoluble pentosans can absorb water equal to 6-9 times their weight.12c) When too much of these polysaccharides having a high hydration potential exist in the flour, the protein in the gluten can not absorb enough water to make a favorable network structure during mixing. Hence, the dough can not form a fine gluten sheet, which retains the gas during fermentation and tolerates the expansion of the gas during baking. From these results, the reason why the graded flour alone does not have sufficiently good dough and baking properties might be caused by the total action of the diastatic activity, damaged starch or pentosans. Moreover, Y. Pomeranz et al.18) have reported that the addition of wheat bran to wheat flour was limited to 7% for breadmaking, and also decreased the loaf volume distinctly. Therefore, we could not rule out the presence of a high amount of bran in the graded flour that might interfere with the formation of a continuous gluten matrix. 
